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Abstract.
BACKGROUND: Impaired postural balance due to somatosensory data loss with mechanical instability has been shown in
patients with ACL deficiency.
OBJECTIVE: To assess postural balance in patients with ACL insufficiency prior to surgery and following reconstruction with
serial evaluations.
METHODS: Thirty patients (mean age of 27.7 ± 6.7 years) who underwent arthroscopic reconstruction of ACL with bone-
patellar tendon-bone autograft were examined for clinical and functional variables at preoperative day and postoperative 12th
week. Posturographic analysis were performed by using Tetrax Interactive Balance System (Sunlight Medical Ltd, Israel) at pre-
operative day, at 4th, 8th, and 12th weeks following reconstruction. Data computed by posturographic software by the consider-
ations of the oscillation velocities of body sways is fall risk as a numeric value (0–100, lower values indicate better condition).
RESULTS: All of the patients (mean age of 27.7 ± 6.7 years) had significant improvements for clinical, functional evaluations
and fall risk (p < 0.05). Mean fall risk was within high-risk category (59.9 ± 22.8) preoperatively. The highest fall risk was
detected at postoperative 4th week. Patients had high fall risk at 8th week similar to preoperative value. Mean fall risk decreased
to low level risk at 12th week. Preoperative symptom duration had relationships with preoperative fall risk and postoperative
improvement of fall risk (p = 0.001, r = −0.632, p = 0.001, r = −0.870, respectively). The improvement of fall risk was
higher in patients with symptoms shorter than 6 months (p = 0.001).
CONCLUSIONS: According to these results, mean fall risk of patients with ACL insufficiency was within high risk category
preoperatively, and fall risk improves after surgical reconstruction, but as the duration of complaints lengthens especially longer
than 6 months, the improvement of fall risk decreases following reconstruction.
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1. Introduction
The maintenance of postural balance necessitates
coordinated central organization of sensorial inputs
coming from visual, vestibular and somatosensory sys-
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tems. Insufficiency of one of these systems results in
deterioration of postural balance [1].
Sensory receptors supplying somatosensorial feed-
backs to central nervous system are located in muscles,
joints, tendons, ligaments, and skin. In knee joint, the
anterior cruciate ligament (ACL) not only has mechan-
ical duties to prevent extreme knee motion but also has
a function of neural feedback in the loop providing
sense and position data of knee [2,3]. Impaired postu-
ral balance due to somatosensory data loss with me-
chanic instability has been shown in patients with ACL
deficiency comparing with healthy individuals in many
studies [4–8]. Owing to impaired sensory feedback and
postural stability, fall risk increases in these patients,
and this may add new injuries complicating current sit-
uation [9].
Reconstruction of ACL is recommended for return-
ing to the pre-injury functional activities including
sports and maintaining mechanic stability of knee [10,
11]. Although normalization of gait or functional status
following ACL reconstruction are searched detailly in
prospective studies, the exploration of regenerative ef-
fects of ACL reconstruction on static postural balance
have mostly evaluated at postoperative 10th to 36th
months period [1,12–14]. In addition to these long-
term studies reporting confusing results, a short-term
cross sectional study reported even worse results for
postural stability in patients with reconstructed ACL
at postoperative 15th day compared with healthy peo-
ple [15–17].
The long-term results of postural control after ACL
reconstruction are contradictious and follow up studies
for normalization of postural balance after ACL recon-
struction are rare. Therefore, in this study, we ascer-
tain postural balance and fall risk changes in patients
with ACL insufficiency prior to surgery and following
reconstruction with serial evaluations and to compare
the postural balance of patients who had shorter pre-
operative symptom duration (< 6 months) and longer
preoperative symptom duration ( 6 months).
2. Material and methods
2.1. Patients
Thirty patients who underwent unilateral knee arth-
roscopic-ACL reconstruction using autologous bone –
patellar tendon – bone (BTB) grafts were prospectively
assessed in this study between May and December of
2013. The study was approved by Institutional Review
Board, and written informed consent forms were ob-
tained from all participants.
Inclusion criteria were the following: age between
18–45 years, findings of ACL rupture on physical ex-
amination and on Magnetic Resonance Imaging, and
ACL reconstruction of the knee with arthroscopic pro-
cedure using autologous BTB graft.
Exclusion criteria were musculoskeletal disorders
other than the knee ACL rupture (injuries or diseases
of same or contralateral hip, knee or foot), neuro-
logic, auditive, vestibular, or visual system deficien-
cies, knee operations other than ACL reconstruction
(such as meniscal repair, repair of the other knee lig-
aments), postoperative complications (infection, ve-
nous thrombosis, knee instability and blocking), se-
vere osteoarthritic changes of knee joint, limitation of
knee extension more than 5◦, body mass index over
35 kg/m2, physchologic problems requiring medical
treatment.
2.2. Operation and rehabilitation protocol
All subjects were operated with the same arthro-
scopic ACL reconstruction technique using BTB auto-
graft by the same orthopedic surgeon (SA) [18,19].
All patients were referred to the same orthope-
dic rehabilitation clinic at the Department of Physical
Medicine and Rehabilitation following surgery. All pa-
tients were followed with the same standardized accel-
erated rehabilitation protocol allowing limited weight
bearing with crutches in knee orthosis. The knee or-
thosis was unlocked following surgery to restore the
full range of motion. Objectives of rehabilitation pro-
tocol were to regain painless full knee range of motion
along with knee muscular strength, to reduce effusion,
to progress painless normalized gait without crutches
before 4th week postoperatively.
2.3. Evaluation parameters
Demographic data; age (years), gender, body mass
index (kg/m2), education, occupation, duration of pre-
operative symptoms (months), history of high energy
knee trauma (yes/no), side of arthroscopic ACL recon-
struction and dominant side were noted. Patients were
divided in two groups according to preoperative symp-
tom duration; patients who had shorter preoperative
symptom duration (< 6 months) and patients who had
longer preoperative symptom duration ( 6 months).
All patients were evaluated for intensity of knee ac-
tivity pain, knee range of motion, effusion, muscle at-
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rophy, functional status (Lysholm knee score, gait ve-
locity, lower limb endurance, six minute walking dis-
tance) at the day before operation (preoperative day)
and at 12th week following ACL reconstruction. In
addition to these clinical and functional evaluations,
static posturography test was assessed at preoperative
day, at 4th, 8th, and 12th weeks following ACL recon-
struction.
1. Pain: The patients were asked to mark the sever-
ity of involved knee activity pain on Visual Ana-
log Pain Scale (VAS); 0 indicates painless condi-
tion, and 10 indicates the most severe pain.
2. Joint Range of Motion (ROM): Active knee flex-
ion angle and extension loss of the knee joint
were measured by a goniometer and recorded in
degrees.
3. Joint effusion and muscle atrophy: All measure-
ments were executed with the same procedure
while patients were lying supine with legs in
extension by the same researcher using a mea-
suring tape. Results were presented in centime-
ters. Knee circumferences at the middle of the
patella were measured and the differencewas cal-
culated for effusion (involved knee – uninvolved
knee). Healing of effusion was calculated (pre-
operative effusion – postoperative 12th week ef-
fusion). Thigh circumferences at 10 cm proxi-
mal to patella of both knees were measured and
the difference was calculated for atrophy (unin-
volved knee – involved knee). Healing of atro-
phy from preoperative day to 12th week evalua-
tion was calculated (preoperative atrophy – post-
operative 12th week atrophy).
4. Lysholm Knee Scoring Scale which is described
by Lysholm et al. was used for functional eval-
uation [20]. Maximal score (100 points) cor-
responds to normal knee function. A score of
95-100 points is considered excellent functional
state, 84–94 points good functional state, 65–83
points fair functional state, and 0–64 points poor
functional state.
5. Functional status was assessed by gate veloc-
ity, lower limb endurance and six-minute walk-
ing distance. For calculation of the gate veloc-
ity, patients were asked to walk a 10-m dis-
tance as fast as possible; the walking time was
recorded and walking speed was calculated in
m/seconds. Lower-limb endurance was assessed
by asking the patient to perform as many stands
from a sitting position as possible in 30 seconds
while crossing arms over chest; total number of
stands executed correctly is used as the recorded
value. Higher values indicate better lower-body
strength. Six-minute walking distance (m) was
measured as the distance that each patient walked
within six minutes [21]. Improvement for each
of functional tests was calculated (postoperative
12th week test value – preoperative test value).
Posturographic analysis of patients was performed
by using Tetrax Interactive Balance System (Sunlight
Medical Ltd, Israel) at the same time of the day (at
11.00 am), and by using the same technique from the
user’s manual of the device. To reduce the learning ef-
fect and minimize the test novelty, postural tasks were
explained to patients, and standing on the soft surfaces
was practiced before tests. Tetrax static posturography
device has a computer, and software system, and all the
data obtained from device were the results of the soft-
ware. The device measures vertical pressure fluctua-
tions on four independent stable platforms, each placed
beneath the two heels and toe parts of the subject; in-
puts from these platforms is integrated and processed
by a computer digitally. Before task, patients were in-
structed to place their feet side by side on lined places
of platform in shape of feet, not to speak and move dur-
ing task. Measurements are made in standard 8 differ-
ent positions according to the user manual of the de-
vice in all subjects with the same sequence, and direc-
tions (each position takes about 40 seconds): on a hard
surface, head straight (i) eyes open, (ii) eyes closed; on
a soft surface (sponge under feet), head straight, (iii)
eyes open, (iv) eyes closed; on a hard surface, eyes
closed (v) head turned to the right, (vi) head turned to
the left; on a hard surface, eyes closed (vii) neck fully
extended, (viii) neck fully flexed [22–24].
Data obtained from the software of Tetrax inter-
active system are: 1-Fall risk calculated evaluating
the oscillation velocities of body sways computed by
posturographic software were recorded for all sub-
jects [22,23]. Fall risk is a numeric value from 0 to 100,
with three numerical ranges from 0 to 35, from 36 to
57, and from 58 to 100, indicating low, moderate, or
high risk of fall, respectively [24,25]. 2-General sta-
bility index calculated from the assessment of gravity
center from each of 4 platforms. General stability in-
dexes obtained from 8 different positions were calcu-
lated for total general stability index. Higher scores of
total general stability index imply a poor postural per-
formance [25–27].
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Table 1
Demographic features of patients
N = 30 Mean ± standard deviation (Minimum-Maximum)
Age (years) 27.7 ± 6.7 (19–43)
Body Mass Index (Kg/m2) 25.2± 2.5 (21.2–31.0)
Symptom duration (months) 6.7± 4.6 (2–20)
Number of cases (%)
Gender
Male 28 (93.3)
Female 2 (6.7)
Dominant side
Right 26 (86.7)
Left 4 (13.3)
Operated side
Right 16 (53.3)
Left 14 (46.7)
History of high energy Trauma
Yes 11 (36.7)
No 19 (63.3)
Symptom duration
Less than 6 months 18 (60)
 6 months 12 (40)
Table 2
Comparison of evaluation parameters at control dates
N = 30 Preoperative 12th week P
VAS (cm) 3.6± 3.0 0.93 ± 0.9 0.001∗
(0–8) (0–3)
ROM, Knee Flexion (◦) 119.5 ± 10.7 122.4 ± 8.6 0.034∗
(90–135) (100–140)
ROM, Knee Extension (◦) 4.4± 4.9 1.3 ± 2.1 0.003∗
(0–15) (0–8)
Atrophy (difference, cm) 1.9± 1.2 0.6 ± 0.7 0.001∗
(0–4) (0–2)
Effusion (difference, cm) 0.8± 0.9 0.4 ± 0.6 0.054
(0–3.5) (0–2)
Endurance 14.6 ± 3.9 20.3 ± 3.2 0.001∗
(7–27) (11–27)
Gate velocity (m/sn) 1.3± 0.3 1.6 ± 0.3 0.001∗
(0.77–2.0) (1–2.5)
Six minute walking test (m) 424.5 ± 88.2 457.3 ± 90.8 0.001∗
(290–600) (320–640)
Lysholm Knee Score 65.5 ± 13.2 91.2 ± 6.8 0.001∗
(39–87) (81–100)
∗: p < 0.05, VAS: Visual Analog Pain Scale, ROM: Range of motion.
2.4. Statistical analysis
Statistical Package for Social Sciences for Win-
dows” 17.0 program (SPSS 17.0, SPSS Inc., Chicago,
Il, USA) was used in the statistical evaluation of the
data. Demographic data was expressed as frequencies
and mean ± standard deviations. The exploration of
significant difference for clinical and functional data
was executed by using Wilcoxon Test, and the signif-
icance value was accepted as p < 0.05. The presence
of any significant difference for fall risk or total stabil-
ity index within repeated evaluation dates were inves-
tigated by Friedman Test, p < 0.05 was accepted as
significant. When significant difference was detected
by Friedman test, the presence of any statistically sig-
nificant difference between two evaluation dates (be-
fore the surgery, postoperative 4th week, postopera-
tive 8th week, postoperative 12th week) was assessed
by Wilcoxon Test to establish from which date the
differences arose (with Bonferroni correction, p <
0.0125 was accepted significant). The difference be-
tween groups according to symptom duration was cal-
culated by using Mann Whitney-U test with the sig-
nificance value as p < 0.05. Correlation analysis was
conducted by Spearman test, p < 0.05 was accepted as
significant, and correlation coefficient r was used.
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3. Results
Thirty patients operated with the same arthroscopic
ACL reconstruction technique using BTB autograft
were assessed. Mean age was 27.7± 6.7 years. Demo-
graphic features of patients were demonstrated in Ta-
ble 1.
Although all patients had significant improvements
for knee activity pain, range of motion, atrophy,
Lysholm knee score, gait velocity, lower body en-
durance, six minute walking distance at postoperative
12th week compared to preoperative evaluation, there
was no significant change for effusion (Table 2).
Mean fall risk value of all patients was within high
fall risk category (59.9 ± 22.8, high fall risk cate-
gory 59–100) at preoperative evaluation. The highest
mean fall risk was detected at postoperative 4th week.
Patients had high mean fall risk at 8th week similar
to preoperative fall risk. Mean fall risk decreased to
low level fall risk category at 12th week correspond-
ing to the best value detected during follow up period.
Significant improvements for fall risk and stability in-
dex values were detected in all patients in repeated
assessments (p < 0.05; Table 3). There were signifi-
cant differences for fall risk and stability index values
between postoperative 12th week and each evaluation
dates (p < 0.0125 with Bonferroni correction) except
between preoperative and postoperative 8th week val-
ues (p > 0.0125 with Bonferroni correction).
Preoperative fall risk had negative correlations with
symptom duration (p = 0.001, r =−0.632), and lower
body endurance (p = 0.001, r =−0.631), and positive
correlation with atrophy (p = 0.001, r = 0.680). Ac-
cording to these results patients who had shorter symp-
tom duration, or had much more muscle loss or had
low endurance had higher fall risk (Table 4).
Difference of fall risk between preoperative day and
12th week had correlations with symptom duration
(p = 0.001, r = −0.870), healing of atrophy (p =
0.001, r = 0.653), and healing of endurance (p =
0.001, r = 0.577). According to these results patients
who had longer symptom duration would have lower
postoperative improvement for fall risk, and patients
who have more improvement for atrophy or lower
body endurance would have more improvements for
fall risk, too. There was no relationship between fall
risk change and Lysholm Knee Score change (Table 4).
Preoperative mean fall risk of patients who had
symptoms shorter than 6 months (< 6 months) was
67.6± 20.4, and of patients who had symptoms longer
than 6 months ( 6 months) was 48.5 ± 22.1 (p =
0.001). There were significant differences for atro-
phy (p = 0.007) and lower body endurance (p =
0.048) at preoperative evaluation between patients who
had symptoms shorter than 6 months and longer than
6 months. The improvement of fall risk between pre-
operative and 12th week evaluation was lower in pa-
tients with symptoms longer than 6 months compared
to patients with symptoms shorter than 6 months (p =
0.001) (Table 5).
4. Discussion
The results of this study allowed us to assess the
change of fall risk and related factors following ACL
reconstruction. According to the results of this study,
mean fall risk of patients with ACL rupture was within
high-level risk category preoperatively, and they had
the highest mean fall risk at postoperative 4th week
(within high level risk category). In addition to im-
provements for pain, range of motion, clinical and
functional variables between preoperative and postop-
erative 12th week assessments, improvement of fall
risk was detected following ACL reconstruction. In ad-
dition to these general improvements of all patients,
patients with ACL rupture symptoms shorter than 6
months had more improvements for fall risk following
operation compared to patients with symptom duration
longer than 6 months.
Complex integration of inputs from vestibular, vi-
sual systems and somatosensorial informations from
mechanoreceptors of extremities is essential for main-
tenance of normal postural balance. Although negative
effects of ACL rupture on postural balance were re-
ported, conflicting results for recovery of both static
and dynamic postural balance were documented fol-
lowing ACL reconstruction [4,6,7,15–17]. In studies
at postoperative 10th to 36th months following ACL
reconstruction, there was no alteration for one-legged
stance compared to controls due to the recovery of
knee control [1,13,14]. However, it was reported that
there was a significant change for two legged stance
between ACL reconstructed patients and controls in a
study conducted at earlier phase following ACL recon-
struction [17]. In addition, research comparing the uni-
lateral stance balance in patients with ACL reconstruc-
tion demonstrated that there was no difference between
involved and uninvolved knees of ACL reconstructed
patients suggesting the alteration of central control of
postural balance [16,17]. Moreover reinnervation hy-
pothesis of graft used for ACL reconstruction has been
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Table 3
Fall risk and stability index of all patients at evaluation dates
Preoperative Postoperative 4th week Postoperative 8th week Postoperative 12th week P
Fall risk 59.9 ± 22.8 88.9± 15.3 59.5 ± 25.3 34.7 ± 13.4 0.001*µ
Stability index 198.2 ± 50.3 261.4 ± 51.9 203.3 ± 36.2 168.7 ± 23.7 0.001*µ
*Significant improvements for fall risk and stability index values were detected in all patients in repeated assessments (p < 0.05). µThere were
significant differences for fall risk and stability index values between postoperative 12th week and each evaluation dates (p < 0.0125 with
Bonferroni correction) except between preoperative and postoperative 8th week values (p > 0.0125 with Bonferroni correction); High values of
stability index and fall risk indicate poor postural balance.
Table 4
Relationships between preoperative fall risk and evaluation parameters and relationships between improvement of fall risk and healing of evalu-
ation parameters
p r
Relationships between preoperative Fall risk and evaluation parameters
Preoperative Fall risk-Symptom duration 0.000∗ −0.632
Preoperative Fall risk – Atrophy 0.000∗ 0.680
Preoperative Fall risk – Lysholm Knee Score 0.272 −0.270
Preoperative Fall risk – Lower Body Endurance 0.000∗ −0.631
Preoperative Fall risk – Gait velocity 0.775 0.055
Preoperative Fall risk – Six minute walking test 0.840 0.039
Relationships between improvement of fall risk and healing of evaluation parameters
Improvement of Mean Fall risk – Symptom duration 0.000∗ −0.870
Improvement of Mean Fall risk – Healing of Atrophy 0.000∗ 0.653
Improvement of Mean Fall risk – Healing of Effusion 0.146 0.272
Improvement of Mean Fall risk – Healing of Lysholm Knee Score 0.347 0.178
Improvement of Mean Fall risk – Healing of Endurance 0.001∗ 0.577
Improvement of Mean Fall risk – Healing of Gate velocity 0.489 0.131
Improvement of Mean Fall risk – Healing of Six minute walking test 0.294 −0.198
Improvement of fall risk = Preoperative Fall risk – 12th week Fall risk. ∗: p < 0.05.
Table 5
Comparison of patients according to symptom duration (lower than 6 months or over)
Symptom duration 0–6 months (n = 18) Symptom duration  6 months (n = 12)
Mean ± Standard Deviation Mean ± Standard Deviation p
Fall risk 67.6 ± 20.4 48.5 ± 22.1 0.021∗
Atrophy (cm) 1.5± 1.00 2.7 ± 1.2 0.005∗
Effusion (cm) 1.0± 0.9 0.6 ± 0.5 0.207
Gate velocity (m/s) 1.3± 0.3 1.4 ± 0.3 0.730
Six minute walking test (m) 421.6 ± 83.3 428.8 ± 98.8 0.983
Lower body endurance 15.8 ± 3.3 12.9 ± 4.3 0.037∗
Lysholm Knee Score 66.0 ± 14.2 64.7 ± 12.2 0.079
Improvement of Fall risk 34.1 ± 20.1 11.9 ± 26.0 0.001∗
Improvement of fall risk = Preoperative Fall risk – 12th week Fall risk; ∗: p < 0.05.
demonstrated in animal experiments [28,29]. Similar
to results of these studies, we found that there was de-
terioration of postural balance at early phase of ACL
reconstruction and normalization of postural balance
could not be maintained until the 12th week following
ACL reconstruction.
Reconstruction surgery for ACL rupture is recom-
mended treatment option to restore the knee stability
and prevent the reinjures especially for younger people
with high demands of occupational and recreational
activities. Timing for reconstruction of ACL rupture
had been discussed in several studies. Although ideal
timing for reconstruction was recommended as 1 and
6 months time span from the injury for restoration of
function and knee stability, it was reported that only
35% of ACL reconstructions are performed within this
period [11]. Similar to this recommendation for re-
construction timing to restore better knee stability and
function, our findings demonstrate that patients with
symptom duration lower than 6 months would have
more improvements for postural balance and decrease
of fall risk following ACL reconstruction compared to
patients with longer symptom duration. In addition, pa-
tients with symptom duration shorter than 6 months
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had better lower extremity endurance and better mus-
cle mass compared to patients with symptom duration
longer than 6 months.
In our study we found that mean fall risk of all pa-
tients was high at preoperative evaluation. Increased
fall risk may be explained by increased postural sway
due to loss of somatosensorial inputs from the impaired
ACL [4,30]. Our results demonstrate that there was a
significant negative correlation between preoperative
fall risk and preoperative symptom duration, and in
preoperative evaluation, patients with symptom dura-
tion longer than six months had lower fall risk com-
pared to patients with symptom duration shorter than
six months. It was reported that there were no differ-
ence for postural sway between the injured or unin-
jured legs of ACL deficient patients and controls. In
that study patients had ACL deficiency for two years,
and authors suggested that adaptation may have oc-
curred in this time duration, even though patients had
no formal rehabilitation [31–33]. This situation may be
explained by neuroplasticity of postural central control
or by some form of compensation mechanisms includ-
ing other knee ligaments, muscles and tendons [32,33].
Detection of lower mean fall risk of our patients with
longer symptom duration at preoperative evaluation
may be explained by this hypothesis.
This study had some limitations. First, small num-
ber of cases and unique operational technique do not
enable the generalization of our results to all condi-
tions of ACL reconstructions. Secondly, lack of con-
trol group is one of the limitations of this study. Al-
though there are various studies concerning the postu-
ral control of patients with ACL deficiency or recon-
struction either evaluation of one legged stance or two
legged stance, we assessed postural balance by using
static posturography device which gives the software
data about fall risk. In this respect, absence of one-
legged stance evaluation of postural balance may be
the other limitation of our study. However in a study
concerning the relations of balance and sport injury
risk, one legged stance was reported as explanatory
for ankle injury risk but not for knee ligament rup-
tures [34]. It seems that future studies are required to
reveal the relationships of different postural balance
tests, fall risk and re-injuries. Thus, despite the limi-
tations of the present study, it has important investiga-
tions for preoperative, early and late postoperative se-
rial assessments of postural control and fall risk follow-
ing ACL reconstruction, and relationship between im-
provement of fall risk and preoperative symptom dura-
tion.
According to results of this study, patients with ACL
deficiency had impaired postural balance and high pre-
operative fall risk, and the mean fall risk reached to
low level at 12th week following reconstruction. Al-
though patients with shorter symptom duration had
higher preoperative fall risk, they had more improve-
ments following reconstruction compared to patients
with longer symptom duration. In conclusion ACL de-
ficiency patients with shorter symptom duration could
benefit from ACL reconstruction in terms of improve-
ments of postural balance in addition to clinical and
functional benefits. Force plate tests provide accurate
kinetic data, however their results are restricted by
clinical environment. Therefore further research are
needed to highlight the confounding mechanisms of
daily life fall risk and postural balance in patients with
ACL reconstruction.
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